SUMMARY-In two experiments, f3-carotene applied to mice initiated with 7,12-dimethylbenz [a]anthracene (DMBA), concomitantly with croton resin and croton oil, increased tumor incidence by 58 and 29%. In the same experiments, retinyl acetate reduced tumor incidence by 76 and 29%. Retinol in one experiment reduced the number of papillomas by 75%. f3-lonone, squalene, and isoprene had little or no effect on the incidence of tumors. In the mice treated with DMBA and phenol, retinol also reduced the number of tumors. The polyene antibiotic, filipin, dramatically reduced the number of animals with croton oil-induced tumors and also the total number of tumors. After the lysosomal labilizers, filipin and vitamin A, were applied for 3 weeks to DMBA-initiated mice, only a few tumors developed after use of croton oil. The lysosomal stabilizers, chloroquine and hydrocortisone, increased the number of the tumors. In the same experiments, acid phosphatase and aryl sulfatase activities were decreased by chloroquine and hydrocortisone and increased by filipin and vitamin A.-
J Nat Cancer Inst 47: [667] [668] [669] [670] [671] [672] [673] 1971 . VITAMIN A, when administered topically or systemically, retards the growth and inhibits the induction of benign and malignant tumors (1) (2) (3) (4) . Vitamin A applied locally inhibits the development of hamster cervical and vaginal tumors induced by 7,l2-dimethylbenz[aJanthracene (DMBA). In Rhino mice fed a diet containing 100 IU vitamin A/g of feed, fewer DMBA-induced papillomas were produced than in mice fed a diet deficient in vitamin A (3). Oral administration of vitamin A palmitate after benzopyrene treatment drastically inhibits not only squamous metaplasia but bronchiogenic carcinomas (4) .
Vitamin A apparently enhances lysosomal activity and the chemotherapeutic inhibition of tumor growth by cyclophosphamide (5, 6) . It was suggested that the cyclophosphamide was activated in vivo by lysosomal enzymes. Vitamin A acid has been used successfully to treat basal cell carcinoma of the skin and other tumors (7, 8) , though other terpene compounds have been implicated as either tumor promoters (9, 10), or as possible tumor-enhancing factors (11, 12) .
The present study was performed to determine the effect of the lysosomallabilizers, vitamin A and filipin, and the lysosomal stabilizers, hydrocortisone and chloroquine, on the classical tumor-promoting system of DMBA-croton oil and the tumor-in-hi biting or tumor-enhancing activity of numerous isoprenoid compounds of various molecular weigh ts. The results confirm the tumor-inhibiting effect of vitamin A and suggest that lysosomal stability or lability is important to carcinogenesis.
MA TERIALS AND METHODS
Groups of 30 freshly shaved ICR Swiss female mice, 55-60 days old, were initiated once with a solution of 0.125 mg DMBA dissolved in 0.25 ml acetone applied to their backs. In one experiment, no additional treatments were given for 3 weeks; then 0.25 ml of the test substances or a mixture of 0.006% croton resin and the various test substances dissolved in acetone was applied to mouse skin 5 times weekly for 18 weeks. The substances tested and their concentrations were: 0.015% iJ-carotene, 0.04% iJ-ionone, 0.15% squalene, 0.15% isoprene, and 0.015% retinyl acetate. In another experiment, 0.04% croton oil plus the test substances or the test substances alone in acetone were applied for 16 weeks. The test substances were: 0.015% iJ-carotene, 0.009% retinyl acetate, and 0.009% retinol. In another experiment, 0.015% iJ-carotene and 0.009% retinol were applied along with 4% phenol. In another experiment, 0.04% croton oil was applied with and without 0.25 ml 0.015% filipin in acetone for 16 weeks.
In all experimental models the group that received the DMBA and the tumor promoter were the positive control group. One group received DMBA only, and one group received acetone only. In a second experiment the mice were also initiated on day 1. In contrast to the other experiment, the groups of 36 mice were treated with lysosomal stabilizers or lysosomal labilizers for 20 days after initiation. The test substances were: 0.05% retinol, 0.015% filipin, 0.01 % hydrocortisone, and 0.05% chloroquine. On day 21, 6 mouse skins from each group were analyzed for acid phosphatase and aryl sulfatase activity. The tumors in the other groups of 30 mice were developed by application of 0.25 ml 0.04% croton oil in acetone for 20 weeks. Another group of 20 untreated mice (no DMBA) were given 0.25 ml 1 % retinol in acetone for 3 weeks; but no tumors developed after treatment with 0.04% croton oil for 20 weeks.
The mice were examined weekly and the number and distribution of tumors noted. The animals were shaved twice monthly and weighed at monthly intervals during the experiment. No mice were in their hair-growth cycle.
iJ-Carotene and retinol were taken from freshly opened ampuls and dissolved in acetone. iJ-Carotene was obtained from Eastman Kodak Company, Rochester, New York; retinol was purchased from Sigma Chemical Company, St. Louis, Missouri. Filipin was obtained through the generosity of Dr. G. B. Whitfield of the Upjohn Company, Kalamazoo, Michigan. All solutions were made weekly to avoid oxidation and were stored during that time in brown bottles at -10°C to avoid photodecomposition.
Tissue preparations.-The mice were shaved and then killed by cervical dislocation. One g of each mouse's skin was placed in a Virtis flask to which 10 ml 0.9% NaCI/g of tissue was added. The flask was surrounded with ice water and the tissues were blended at high speed for 3 minutes in a Virtis model 45 homogenizer. The homogenates were spun in an International HR-l high-speed centrifuge at 15,000 X g for 30 minutes. The clear supernatant was decanted and saved for protein and enzyme analysis. The completeness of the lysosomal enzyme release was checked by resuspension of the precipitate in 0.9% NaCl. After the addition of a few drops of Triton X-lOO, this suspension was homogenized again at high speed for 10 minutes. The resulting homogenate was centrifuged again at 15,000 X g for 30 minutes. There was less than 20% of the lysosomal enzyme activities in the second supernatant. All homogenizations, centrifugations, and routine handling of the supernatant were performed at 0-2°C.
Assay of aryl sulfatase A (EC 3.1.6.1, aryl sulfate su!fohydrolase).-The method was that of Roy (13) as modified by Shamberger (14) . Results are expressed as J.lmole nitrocatechol liberated/hour/mg protein.
Assay of acid phosphate (EC 3. Lowry et at. (16) . Crystalline bovine serum albumin was the protein standard.
RESULTS
j3-Carotene greatly increased the number of tumors produced when applied concomitantly with the tumor promoter, croton resin (table 1 and text- fig. 1 ). By contrast, retinyl acetate strikingly reduced the number of tumors. Retinyl acetate at 0.015% reduced tumor incidence by 76%, whereas carotene increased the number of papillomas per mouse by 58%. Squalene, isoprene, and j3-ionone also reduced the number of papillomas, but not to the extent of retinyl acetate. None of the mice receiving isoprenoid compounds or DMBA alone had tumors. No group had a weight change of more than 4% of that of the controls.
In a second experiment with croton oil (table 2) , is'-carotene increased the number of papillomas per mouse by 29%. The greater number of tumors produced by i3-carotene and croton oil than by j3-carotene and croton resin probably represents a difference in the biological response to these substances by mouse skin. Several differences in DMBA-croton oil and DMBA-croton oil and DMBA-croton resin in carcinogenesis have been summarized by Van Duuren et al. (17) . Retinyl acetate at 0.009% decreased the number of tumors by 29%. Retinol at 0.009% was even more effective, reducing the number of papillomas per mouse by 76%. e-e-e CR + retinyl acetate.
In the phenol-treated mice (table 3), 0.009% retinol also reduced the number of mice with tumors, whereas carotene had no effect. The mice treated with phenol only, DMBA only, and acetone only had no tumors.
Filipin (text- fig. 2 ) also dramatically reduced the number of animals with tumors (4) compared to the controls (12) and also the total number of tumors. In the controls, the first tumors arose at 8 weeks. In the filipin group, the first tumors were . 3 ) and the number of animals with tumors to 14 and 8, respectively. Both groups of mice treated with the lysosomal stabilizers, chloroquine, and hydrocortisone, had more tumors than those in the control group. The number of animals in these two groups with tumors was about the same as the number in the control group. The chloroquine group had 27 animals with tumors, the hydrocortisone group 27, and the control group 26. Acid phosphatase and aryl sulfatase activities were reduced in DMBA-initiated mouse skin treated with the lysosomal stabilizers hydrocortisone and chloroquine (table 4) . (J-Carotene also lowered acid phosphatase and aryl sulfatase activities. Acid phosphatase activity was significantly increased by the lysosomal labilizers, retinol and filipino The lysosomal labilizers also increased aryl sulfatase activity, but not to the extent that they had increased acid phosphatase.
Massive amounts of retinol applied to mouse skin for 3 weeks did not replace DMBA initiation, because no tumors developed with croton oil treatment.
DISCUSSION
The striking enhancement of tumor promotion of (J-carotene and the reduction by retinol or retinyl acetate is unexpected, because (J-carotene is a known quantitative precursor of vitamin A. The enzymes that split (J-carotene and produce vitamin A may be absent in the skin. The biosynthesis of 0.04% CO; 0--0-0 0.01% hydrocortisone + CO; 0 -0 -0 -0 0.05% chloroquine + CO; e-e-e 0.015% retinol + CO; and II--II-a-. 0.015% filipin + CO. vitamin A from ,6-carotene in the intestinal mucosa is believed to be a dioxygenase reaction, in which molecular oxygen reacts with 2 central atoms of ,6-carotene followed by the cleavage of the central double bond of ,6-carotene to yield 2 molecules of retinol (18) . The effects on tumor production by both ,6-carotene and retinol apparently are quite specific. ,6-Ionone, which constitutes a portion of both ,6-carotene and retinol, had little protective effect. The enhancement of carcinogenesis by ,6-carotene may be similar to the enhancement of tumorigenesis by terpenes in other systems. Boutwell (12) has postulated that tumor promotion starts with initiation (DMBA) and continues with the tumor-promoting steps of conversion and propagation. Turpentine, which is terpene rich, is believed to increase tumor promotion by enhancing the propagation phase.
Similarly, the terpene-rich fractions of several essential oils have potent tumor-promoting activity (10) . This fraction may contain less potent tumor-promoting compounds enhanced by other terpene compounds, or may include potent tumor-promoting compounds similar to croton oil. Hecker et al. (9) isolated 8 diterpene compounds that have been identified as monoesters and diesters of phorbol. Much biological activity of cigarette smoke has been attributed to the tumor-promoting phenolic compounds and possibly terpenes (11) .
The results of the retinol or retinyl acetate experiments are consistent with observations that vitamin A retards the growth and inhibits the induction of many benign and malignant tumors (1) (2) (3) (4) (14) and may also be linked to premalignant cell resorption. The polyene antibiotic filipin, known to interact with cell membranes (19) , is also believed to be a lysosomal labilizer (20) . Mitochondrial membranes do not interact with polyenes (20) .
By contrast, the lysosomal membrane stabilizers increased the total number of tumors and sharply decreased acid phosphatase and aryl sulfatase activities.
The stabilizing effect of chloroquine and hydrocortisone (21) and the labilizing effect of vitamin A (21) and filipin (20) have been studied primarily in vitro with intact liver lysosomes that may be isolated with high yield. Skin lysosomes are usually isolated with low yield. Determination of the ratio offree-to-bound lysosomal enzyme activity would probably not be meaningful. The long-term effect of lysosomal stabilizers and lysosomal labilizers on the total enzyme activities of mouse skin is unknown. In these experiments, retinol and filipin could induce lysosomal enzymes, but hydrocortisone and chloroquine might suppress formation of lysosomal enzymes.
Allison and Paton (22) postulated that premature breaking of lysosomal membranes may release deoxyribonuclease, which produces tumors by altering the genetic material of the cell. Massive amounts of retinol do not replace DMBA as an initiation step. Because large amounts of deoxyribonuclease should have been released, the lack of tumor production is inconsistent with their theory.
The results of these experiments suggest that after DMBA initiation, the number of tumors induced can be altered by the action of external factors on the premalignant cell.
